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(57) Abstract 

A switching circuit (60) for reducing the voltages 
which must be supported by the driver circuits (16, 18) of 
a liquid crystal display (10) of the type having row and 
column electrodes that are driven by squarewave AC 
drive voltages. The switching circuit is connected to the 
inputs of the row and/or column driver circuits, the dis- 
play ground (GI) and the DC source (20a, 20b) from 
which the squarewave AC drive voltages are derived. 
The switching circuit is switched in synchronism with the 
driver circuits and so controls the connections between 
the display ground, the DC source and the inputs (Bl, 
B2) of the driver circuits that the voltages between those 
inputs remain less than or equal to the peak value (Vr) of 
the drive voltages applied to the associated electrodes. 




J 



J 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of p amphlets publishing international appli- 
cations under the PCT. 



AT 


Austria 


FR 


France 


ML 


Mali 


AU 


Australia 


GA 


Gabon 


MR 


Mauritania 


BB 


Barbados 


GB 


United Kingdom 


MW 


Malawi 


BE 


Belgium 


HU 


Hungary 


NL 


Netherlands 


BG 


Bulgaria 


IT 


Italy 


NO 


Norway 


BJ 


Benin 


JP 


Japan 


RO 


Romania 


BR 


Brazil 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CO 


Congo 


KR 


Republic of Korea 


SN 


Senegal 


CH 


Switzerland 


LI 


Liechtenstein 


su 


Soviet Union 


CM 


Cameroon 


LK 


Sri Lanka 


TD 


Chad 


DE 


Germany, Federal Republic of 


LU 


Luxembourg 


TG 


Togo 


DK 


Denmark 


MC 


Monaco 


US 


United States of America 


n 


Finland 


MG 


Madagascar 







WO 87/05429 



PCT/LS87/00474 



1 



5 



-IL- 
LIQUID CRYSTAL DISPLAY HAVING IMPROVED ELECTRODE 

DRIVE CIRCUITRY 

Field of the Invention 

The present invention relates to matrix type liquid 
crystal displays and is directed more particularly to a 
squarewave driven liquid crystal display which includes 
switching circuitry for reducing the voltages that must 
he supported by the transistors of the row and/or column 
driver circuits. 



Background of the Invention 

In matrix type displays which utilize liquid crystal 
materials such as the smectic A liquid crystal materials 
described in U.K. patent application serial number 
8518682, filed on July 24, 1985, it has been discovered 
that the optical state of each picture element of pixel 
may be controlled solely by controlling the frequencies 
and amplitudes of the voltages (preferably squarewave AC 
voltages) which are applied to the row and column electrodes. 
A pixel may, for example, be rendered opaque or "scattered" 
by applying between the transparent row and column 
electrodes which define its position one or more cycles 
or a squarewave voltage having a relatively low frequency 
such as 25 Hz and a relatively high amplitude such as 
270 volts peak (540 volts peak to peak) . After being 
"scattered" the same pixel may be rendered transparent 
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1 of "cleared" by applying between the same row and column 
electrodes several cycles of a sguarewave voltage having 
a relatively high frequency such as 1500 Hz and a relatively 
low amplitude such as 175 volts peaks. The pixel may 
5 then be returned to its original "scattered" state by 

re-applying the just mentioned scattering voltages, the 
transition between the scattered and cleared states 
being fully reversible by purely electrical means. 

In order to reduce the number of physical connections 

10 between the row and column electrodes and the external 
circuitry which determines the image to be displayed, 
the circuits which drive the row and column electrodes 
are fabricated in the form of integrated circuits (IC's) 
that are preferably although not necessarily mounted on 

15 and along the edges of the display screen. With this 

construction the row and column driver circuits generate 
the voltage necessary to drive respective electrodes 
upon being supplied with operating voltages and control 
signals over a relatively small number of leads. The 

20 latter number is small because the operating voltage 
levels and most of the control signals used by the 
driver circuits are the same for all driver circuits (of 
a given type) and because the remaining or data signals 
are supplied to the driver circuits via serially loaded 
' 25 shift registers. 

The only significant problem with displays of the 
above described type is that they require that high 
voltages be present within the row and column driver 
circuits. The presence of such high voltages is a 

30 problem because it requires the use of high voltage 
rating transistors and/or relatively complex driver 
circuit designs. These factors, in turn, cause the 
driver circuits to be relatively expensive, to occupy 
relatively large areas within their respective integrated 

35 circuits and to operate at relatively high temperatures. 
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1 The use of high voltages can also cause the reliability 

of the display to suffer unless extreme care is taken to 
assure that all of high voltage transistors of all of 
the driver circuits meet their full voltage rating and 

5 operating temperature specifications. 

Summary of the Invention 

In accordance with the present invention the above 
described problem is solved by providing a switching 

10 circuit which substantially reduces the voltages which 
must be supported by the transistors of the row and/or 
column driver circuits without reducing the drive voltages 
that are applied to the associated electrodes • 

Generally speaking, the switching circuit of the 

15 invention comprises circuitry for so controlling the 
connections between the display ground, the DC source 
which supplies drive power to the electrodes and the 
inputs are prevented from rising above the peak values 
of the drive voltages that are applied to the associated 

2 0 electrodes. In doing so, the switching circuit of the 

invention causes the electrodes to receive their full 
rated driving voltages while at the same time eliminating 
the connections that had in the past caused the inputs 
of the driver circuits to be exposed to the peak-to-peak 
25 values of the drive voltages that were applied to the 

associated electrodes. As a result, the circuit of the 
invention allows the driver circuits to be fabricated 
with lower voltage rating transistors and to use circuit 
designs having fewer transistors. This, in turn, reduces 

3 0 the size, cost and power dissipated by the driver circuits 

while at the same time improving their reliability. 

In all preferred embodiments, the switching circuit 
of the invention is a two or more state switching network 
which is mounted off of the glass panels of the display 
3 5 screen and which has an output or outputs which are* 
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1 connected to the DC inputs of all of the row driver 

circuits. This switching circuit is switched in synchronism 
with the switching of the driver circuits, thereby- 
assuring that its beneficial effect is produced during 
5 both half cycles of the desired squarewave electrode 
drive voltages and during both the scattering and clearing 
modes of the display. The magnitudes of the DC voltages 
which are applied to the row driver circuits through the 
switching circuit of the invention are preferably controlled 

10 by the display controller (usually the CPU of the terminal 

of which the display forms a part) thereby assuring that 
the electrodes are driven with voltages having magnitudes 
that are appropriate for both the scattering and clearing 
modes of the display. 

15 In a first preferred embodiment, the switching 

circuit of the invention is connected in series with the 
two parts of the DC source which supplies operating 
power to the row drivers . In this embodiment the switch- 
ing circuit maintains a series aiding relationship 

2 0 between the two parts of the DC source for the active 

(or then connected) input of the selected row driver, 
with the then required polarity, while at the same time 
maintaining a series opposing relationship between the 
two parts of the DC source for the active inputs of all 

25 non-selected row drivers. In both cases, however, the 

switching circuit limits the voltages across the inputs 
of all of the row drivers to a value approximately equal 
to the peak value of the drive voltage applied to the 
selected electrode. As a result, this embodiment of the 

30 invention may be characterized as a switchable biasing 

arrangement or bias driver which' maintains the required 
peak voltage at the output of the selected row driver 
while limiting the voltages across the inputs of all row 
drivers to a value approximately equal to that voltage. 
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1 In a second preferred embodiment; the switching 

circuit of the invention is connected across the single 
DC source which supplies operating power to the row 
drivers, the voltage across that DC source preferably 
5 being equal to that across one of the two parts of the 
DC source of the first embodiment. In the second embodiment 
the switching circuit connects the DC source in series 
with the active input of the selected row driver, with 
the then required polarity, while at the same time 

10 connecting the display ground to the active inputs of 

all of the non-selected row drivers. Again, however, 
the switching circuit limits the voltages across the 
inputs of all of the row drivers to a value approximately 
equal to the peak value of the drive voltage that is 

15 applied to the selected electrode. As a result, this 
embodiment of the invention may be visualized as a part 
of a bus switching arrangement or bus driver which 
maintains the required peak voltage at the output of the 
selected row driver while limiting the voltages across 

2 0 the inputs of all row drivers to a maximum value equal 
to that voltage. 

Although the switching circuit of the invention is 
preferably applied only to the row driver circuits, it 
may also be applied only to the column driver circuits. 

25 In addition, the circuit of the invention may be applied 

both to the row driver circuits and to the column driver 
circuits. It will therefore be seen that the present 
invention is applicable to matrix type displays having a 
variety of different driver circuit configurations. 

30 
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1 Brief Description of the Drawings 

The above mentioned embodiments and operating 
principles will be more clearly understood from the 
following description and drawings in which: 
5 FIG. 1 is a block-schematic diagram of a section of 

the driver circuitry of a matrix display which does not 
include the circuitry of the present invention; 

FIG. 2 is a block-schematic diagram of a section of 
the driver circuitry of a matrix display which includes 
10 a first embodiment of the switching circuitry of the 
invention; 

FIG. 3 is a block-schematic diagram of a section of 
the driver circuitry of a matrix display which includes 
a second embodiment the switching circuitry of the invention; 

15 FIG. 4 is a block-schematic diagram of a section of 

the driver circuitry of a matrix display in which the 
switching circuitry of the invention is applied to both 
the row and column driver circuits; 

FIG. 5 is a fragmentary block-schematic diagram of 

20 the driver circuitry of a matrix display which includes 

a third embodiment of the switching circuitry of the 
invention; 

FIG. 6 is a schematic diagram of one type of tow or 
column driver which is suitable for use with the invention; 
25 FIG, 7 is a schematic diagram of one type of switching 

circuit which is suitable for use in the embodiment of FIG. 2 ; 

FIG. 8 is a schematic diagram of one type of switching 
circuit which is suitable for use in the embodiments of 
FIGS. 3 and 4; and 
3 0 FIG. 9 is a schematic diagram of one type of switching 

circuit which is suitable for use in the embodiment of FIG. 5 . 



35 
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1 Detailed Description 

Referring to FIG, 1 there is shown a block-schematic 
diagram of a portion of a matrix type liquid crystal 
display which does not include the switching circuitry 
5 of the present invention. This display includes a 

display screen 10 (of which only the upper left corner 
is shown) that includes two parallel plates of glass 
which are separated by a thin layer of a suitable liquid 
crystal material, such as that disclosed in the above 

10 referenced U.K. patent applications. The inner surfaces 

of these plates support an array of transparent column 
electrodes 12 and an orthogonally oriented array of 
transparent row electrodes 14, individual electrodes of 
each type being distinguished by the postscripts a, b, 

15 c, etc. The volumes of liquid crystal material which 
are located in the spaces between the intersections of 
these row and column electrodes comprise the picture 
elements or pixels which form the image to be displayed 
on screen 10. 

2 0 In order to cause any pixel to change from its 

scattered or opaque state to its cleared or transparent 
state or vice versa, one or more pulses of squarewave AC 
voltages having the proper frequency and amplitude are 
applied to the row and column electrodes that are associated 
25 with that pixel. With the above mentioned schematic A 

liquid crystal material, for example, a pixel is scattered 
when a single voltage pulse having a frequency of 25 Hz 
and an amplitude of 270 volts peak is applied thereacross, 
and is cleared when a series of voltage pulses having a 

3 0 frequency of 1500 Hz and a amplitude of 175 volts peak 

is applied thereacross. Ordinarily these voltages are 
applied across a pixel by applying one voltage, known as 
the row drive voltage, to the respective row electrode 
and a second voltage, known as the column drive voltage, 
35 to the respective column electrode. The difference 
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1 between these two voltages, or row-column difference 
voltage, constitutes the total drive voltage across the 
pixel . 

In the display of FIG. 1 the row drive voltages are 
5 applied to the row electrodes by respective ones of row 

driver circuits 16 and the column drive voltages are 
applied to the column electrodes by respective ones of 
column drive circuits 18, the individual driver circuits 
or drivers being distinguished by the postscripts a, b, 

10 c, etc. These drivers typically comprise multi-state 
solid-state switching networks which generate the desired 
squarewave AC voltages from a center-tapped DC source 
having a positive terminal, a negative terminal and a 
neutral terminal electrically therebetween. Row drivers 

15 16, for example, generate the row drive voltages from a 

first center-tapped DC source 20 by switchably connecting 
their outputs either to the positive output terminal of 
source 20 via a positive bus Bl to establish the positive 
half cycle of the AC voltage, or to the negative output 

2 0 terminal of source 2 0 via a negative bus B2 to establish 

the negative half cycle of the AC voltage, or to the 
neutral terminal of source 2 0 which is connected to 
display ground terminal Gl. The latter connection is 
necessary because the display of FIG. 1 is driven on a 
25 row at a time basis, i.e., with an AC row drive voltage 

being applied to only one row electrode at a time (the 
selected row) while zero volts is applied to all of the 
remaining or non-selected rows. In FIG. 1 the selected 
row is 14b, as is indicated by the off zero position of 

3 0 the switch in row driver 16b, while all other rows are 

non-selected rows, as is indicated by the on-zero positions 
of the switches in all other row drivers. Because the 
internal structure and operation of the row drivers of 
FIG. 1 form no essential part of the present invention, 
3 5 they will not be described in detail herein. 
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10 



Similarly, column drivers 18 generate the column 
drive voltages from a second center-tapped DC source 22 
by switchably connecting their outputs to either the 
positive or negative output terminals of that source. 
Although the column drivers are usually provided with 
the ability to establish a zero volt output state (in the 
interest of their having the same construction as the 
row drivers) , this zero volt output state is not normally 
used during the operation of the column drivers. This 
is~because display 10 uses a phase control addressing 
scheme in which column drive voltages are simultaneously 
applied to all column electrodes, with one phase position 
being associated with selected columns and a second 
phase position being associated with non-selected columns. 
15 Assume, for example, that row 14b has been selected 

and that only the pixel 12b-14b lying at the intersection 
of that row and column 12b has been selected to undergo 
a change in state. To produce this change in state 
column 12b is selected by connecting its drive output to 
20 the negative output terminal of DC source 22. This 
assures that the row and column driver voltages at 
selected pixel 12b-14b of the selected row have opposite 
polarities (i.e., are out of phase) and therefore that 
they combine additively to increase the row-column 
25 difference voltage at that pixel. At the same time 
columns 12a and 12c are non-selected by connecting their 
driver outputs to the positive terminal of DC source 22. 
This assures that the row and column drive voltages at 
non-selected pixels 12a-14b and 12c-14b of the selected 
30 row have the same polarity (i.e., are in phase) and 

therefore that they combine subtr actively to decrease 
the row-column difference voltages at those pixels. 
Naturally, these states exist for only one half -cycle of 
the row-column drive voltages; during the other half 
35 cycle the states of all switches (except those connected 
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1 to display ground Gl) are reversed, causing the above 
described voltage difference relationships to be maintained 
but with a reversed polarity. Thus, as the drivers 
switch between their positive and negative states, high 
5 magnitude AC drive voltages appear across each selected 

pixel of the selected row and low magnitude AC drive 
voltages appear across all non-selected pixels of the 
selected row. Obviously, the magnitudes of the row and 
column drive voltages must be chosen so that the high 

10 magnitude AC drive voltages are above the threshold 
voltage of the liquid crystal material for all selected 
pixels and so that the low magnitude AC drive voltages 
are below that threshold voltage for all non-selected 
pixels. In order to assure that the only selected 

15 pixels of the selected row will change their optical 

states . 

Because both the amplitudes and frequencies of the 
voltages associated with the scattering and clearing 
conditions are different from one another, the transition 

20 between these conditions requires both that the magnitudes 

of the output voltages of DC sources 2 0 and 22 be changed 
and that the switching frequencies of all row and column 
drivers be changed. In FIG. 1 the output voltages of DC 
sources 20 and 22 are easily changed because both sources 

25 comprise power supplies that are programmable, i.e., can 
be changed by changing the magnitudes of the analog 
control voltages that are applied to respective control 
inputs 21 and 23 thereof as, for example, by a display 
controller 24 via respective digital to analog (D/A) 

3 0 converters 25 and 27. Because such power supplies are 

well known and are constructed by using integrated 
circuits sold by Texas Instruments under the designation 
TL594 in the manner described in Texas Instruments 
Application Report B-209, they will not be described in 

35 detail herein. 
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l In FIG. l the switching frequencies of the row and 

column drivers are easily changed because these frequencies 
are determined by a frequency control signal FREQ (see 
FIGS, 2-9) which is generated by display controller 24. 
5 The latter signal is applied to the row drivers via 
conductor 26a and respective row logic networks 28a, 
28b, 28c, etc. and to the column drivers via conductor 
2 6b and respective column logic networks 3 0a, 30b, 30c, 
etc. The latter networks control the instantaneous 

10 states of the driver switches, via the indicated dotted 

connections, based on the select or data bits which are 
applied to the inputs thereof by display controller 24. 
In the case of the row drivers, for example, row logic 
networks 28a and 2 8c cause their row drivers to assume 

15 their zero volt or non-selected states because they 
receive o f s from display controller 24 via respective 
outputs of a row shift register 34. Similarly, row 
logic network 28b causes its row driver to switch between 
its positive and negative states at the frequency of the 

20 frequency control signal because it receives a 1 from 

controller 24 via its respective output of shift register 
34. In operation display controller 24 selects each row 
in succession (once during each display frame) by merely 
shifting the position of the 1 through shift register 34 

25 via data and clock lines 36 and 38. 

In the case of the column drivers, on the other 
hand, column logic networks 30a and 30c cause their 
column drivers to be non-selected, _.e., to switch between 
their positive and negative states in phase with the 

3 0 output voltage of selected row driver 16b, because they 
receive O's from display controller 24 via respective 
outputs of a static register 40. Similarly, column 
logic network 3 0b causes its column driver to be selected, 
i.e., to switch between its positive and negative states 

35 18 0° out of phase with the output voltage of selected 
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1 row driver 16b, because it receives a 1 from controller 
24 via its respective output of register 40. In operation, 
display controller 24 successively loads static register 
40 with all the l's and 0 f s necessary to select or not 
5 select each pixel of each complete row of the display. 

This loading is accompanied by shifting the necessary 
l f s and O's into a shift register 44 via clock and data 
lines 46 and 48 during the time that static register 40 
is providing data for the currently selected row, and 

10 . then simultaneously transferring the data for the next 
entire row into static register 40 when that next row is 
selected. The timing of this transfer is controlled by 
display controller 24 by means of an enable signal ENAB 
(see FIGS, 2-9) which is applied to static register 40 

15 via an enable line 50. The activity of the column logic 
networks are coordinated with that of static register 40 
by applying the same enable signal in enabling relationship 
to each of those networks. The activity of the row 
logic networks are also coordinated with that of static 

2 0 register 40 by applying an enable signal in enabling 

relationship to each of these networks via an enable 
line 51. While the latter signal has the same waveform 
as the enable signal on line 50, it is preferably elec- 
trically isolated therefrom as, for example, by opto- 
25 electronic coupling devices within controller 24. 

Because the internal structure and operation of the 
row and column logic networks and the display controller 
of FIG. 1 form no essential part of the present invention, 
they will not be described in detail herein. 

3 0 In presenting a complete new image on display 

screen 10, display controller 24 begins by causing the 
row and column drivers to scatter all of the pixels of 
the display. This is accomplished by outputting signals 
which cause all of these drivers to operate at the 
35 scatter frequency and which cause DC sources 20 and 22 
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1 to operate at their scatter magnitudes. Thereafter 
controller displays the image on a row at a time basis 
by outputting signals which cause the row drivers of 
each row and the then associated column drivers to 
5 operate at the clear frequency (and proper phase) and 
which cause DC sources 20 and 22 to operate at their 
clear magnitudes. Because of the storage property of 
schematic A liquid crystal materials, no row or column 
driver voltages need be applied to the row or column 
10 electrodes of the display in order to maintain an image 
once that image has been fully presented. When called 
for by its program, however, display controller 24 may 
change or update the display by scattering and subsequently 
selectively clearing of any single row or set of rows of 
15 the display. 

In order to reduce costs and to achieve the high row 
and column electrode densities that are necessary to 
produce a high resolution image, it is desirable although 
not absolutely essential that the row and column drivers, 
2 0 their associated logic networks, and their associated 
shift and static registers be fabricated in the form of 
integrated circuits which are mounted directly on the 
glass panels of display screen adjacent to the electrodes 
with which they are associated. Each such integrated 
25 circuit will preferably contain all of the driver, logic 
and register circuitry that is necessary to control a 
relatively large number (e.g. 20 or more) of the associated 
electrodes. The boundaries of two such integrated 
circuits, one associated with the row electrodes and one 
associated with the column electrodes of FIG. 1, are 
indicated by the open ended dotted blocks 56 and 58 thereof. 

In making the present invention, it was discovered 
that there is a serious practical problem with circuitry 
of the above-described type. This problem is that at 
35 least some of the transistors within each row and column 
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1 driver must be able to support DC voltages equal to the 
peak-to-peak voltage which that driver applies to the 
associated electrode. In FIG, 1, for example, the peak 
output voltage of row driver 16b (i.e., the voltage 
5 between display ground Gl and drive output pin 16b-l) is 

equal to +Vr, one-half of the voltage across DC source 
20. At the same time, however, the DC voltage between 
pins 16b-2 and 16b-3 (and between pins 16b-l and 16b-2) 
of driver 16b is equal to +2V R . Thus, if the row and 

10 column drivers of FIG. 1 are producing a scatter voltage 
of 270 volts peak, with the row and column drivers each 
outputting 135 volts peak (270 volts peak-to-peak) , each 
driver must include at least some transistors which have 
a rating of at least 270 volts. 

15 While current technology permits the fabrication of 

integrated circuits which include transistors that can 
support these high voltages, such integrated circuits 
are relatively costly and complex. In addition, such 
integrated circuits consume relatively large amounts of 

20 power and have a relatively poor reliability. The 

latter factor is particularly important in large liquid 
crystal displays since, the failure of a single row or 
column driver transistor will render the associated row 
or column inoperative and therefore ruin the appearance 

25 of the image to be displayed. The significance of this 
possibility is compounded by the fact that the replacement 
of one of the integrated circuits such as 56 or 58 of 
FIG. 1 can be difficult if not impossible. 

In accordance with the present invention the above- 

3 0 described problems are eliminated by including in the 

display circuitry an additional switching circuit for so 
controlling the connections between the display ground, 
at least one of the DC sources, and the inputs of the 
associated drivers that none of the transistors therein 

35 must support voltages greater than the peak output 
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1 voltages produced by those drivers. This effectively 

reduces the voltage which must be supported by the high 
voltage driver transistors by one-half and reduces the 
power which is dissipated by the associated integrated 
5 circuits by approximately one-half. In addition, the 
switching circuit of the invention allows the drivers to 
be simplified by reducing from three to two the number 
of switching states that each driver must be able to 
assume. Together these effects not only substantially 

10 reduce the cost of producing a display, but also increase 

its reliability. 

Referring to FIG. 2 there is shown a display which 
includes a first preferred embodiment of the invention. 
This display is similar to that of FIG. 1 in a number of 

15 respects, like functioning parts being similarly numbered, 
and applies to the row and column electrodes patterns of 
drive voltages which are indistinguishable from those 
applied to the row and column electrodes of FIG. 1. 
This display differs from that of FIG. 1, however, in 

20 that it includes corresponding but different row and 

column driver circuits and corresponding but different 
logic networks, the correspondence^ and differences 
being indicated by the addition of a prime to the indicia 
used in FIG. 1. The display of FIG. 2 also differs from 

25 that of FIG. 1 in that it includes an additional switching 

circuit 60 which is constructed and connected in accord- 
ance with one embodiment of the invention. The internal 
structures of these row and column drivers and of switching 
circuit 60 will be shown and described later in connection 

3 0 with FIGS. 6-7. 

In the embodiment of FIG. 2 DC source 20 of FIG. 1 
is replaced by two center-tapped DC sources 2 0a and 20b 
or, equivalently, by a two part center-tapped DC source 
20a-2 0b. Each of these sources 20a and 2 0b may be 

35 thought of as including two component DC sources with a 

/ 
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1 neutral terminal electrically therebetween. In FIG. 2 

each of these component sources produces a voltage which 
is one-half that produced by each of the halves of DC 
source 20 of FIG. 1. In the case of source 20b this 
5 neutral terminal is connected to the display ground Gl 

and serves as a fixed ground; in the case of source 20a 
this neutral terminal is connected to the output of 
switching circuit 60 and serves as a floating ground GF. 
The voltages produced by DC sources 20a and 20b are 
10 controlled by display controller 24, via respective 
digital analog converters 25a and 25b, in the same 
manner that DC source 2 0 was controlled via converter 25 
of FIG. 1. 

In accordance with an important feature of the 
15 present invention, switching circuit 60 of FIG. 2 so 
controls the connections between display ground Gl, DC 
sources 20a and 20b, and the inputs of the row drivers (via 
buses Bl and B2) that the maximum voltage that appears 
between those inputs never exceeds the peak drive voltage 

2 0 V R that is applied to the selected row electrode. In 

the embodiment of FIG. 2 this is accomplished by controlling 
the last mentioned connections so that one of the two 
component DC sources within source 20a assumes a series 
aiding relationship with one of the two component DC 
25 sources within source 20b with respect to the selected 

row driver, and yet simultaneously assumes a series 
opposing relationships with the other of the two component 
DC sources within source 2 0b with respect to all of the 
non-selected row drivers. 

3 0 Assuming, for example, that only row 14b is to be 

selected and that the time for producing the positive ? 
half -cycle of the row drive voltage has arrived, the 
switches within switching circuit 60 and those within 
the row drivers will be in the states shown in FIG. 2. 
35 Under this condition it may be shown that switching 



WO 87/05429 



PCT/US87/00474 



-17- 

1 circuit 60 causes the path from display ground Gl to 

selected electrode 14b through the active (then connected) 
input of driver 16b to include both of the positive ones 
of the component sources with DC sources 2 0a and 20b, 
5 resulting in a row drive voltage of +V R . At the same 

time switching circuit 60 causes the path from display 
ground Gl to non-selected electrodes 14a and 14c through 
the active inputs of drivers 16a 1 and 16c 1 to include 
the positive one of the component sources within source 
10 20b and the negative one of the component sources within 
source 20a, resulting in row drive voltages of zero 
volts. Similar series aiding and series opposing relation- 
ships are established between the component sources 
within sources 20a and 20b and the selected and non- 
15 selected rows when the time for the negative half cycle 
arrives by simply causing the switches of circuit 60 and 
the row drivers to assume states opposite to those shown 
in FIG. 2. Thus, the circuit of FIG. 2 produces the 
same pattern and magnitude of row drive voltages as the 
20 circuit of FIG. 1. 

In spite of the just described similarity between 
the electrode drive voltage patterns produced by the 
circuits of FIGS. 1 and 2, it will be seen that the 
maximum voltage that must be supported by the transistors 
25 of the row drivers of FIG. 2 is equal to the voltage V R 

across DC source 2 0a, i.e., a voltage one-half of that 
which must be supported by the transistors of the row 
drivers of FIG. 1. As a result, the integrated circuits 
of FIG. 2 are less costly, dissipate less heat and are 
3 0 more reliable than those of FIG. 1. In addition, it 
will be seen that the row drivers of FIG. 2 may have 
fewer states and therefore may be made less complex than 
those of FIG. 1, resulting in further cost reductions 
and further improvements in reliability. Thus, the 
35 switching circuit of the invention represents a substantial 
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1 improvement in the drive circuitry of liquid crystal 
displays. 

While the full benefit of the present invention is 
realized by taking advantage of both the above mentioned 
5 voltage reduction feature and the above mentioned row 

driver simplification feature, it is also possible to 
practice the invention while taking advantage of only 
the voltage reduction feature. It is possible, for 
example, in the embodiment of FIG. 2 to use the same 

10 three-state row and column drivers and logic networks as 
were used in FIG. 1. This may be cost effective for 
instance in a situation in which an existing display of 
the type shown in FIG. 1 is in effect converted to the 
type of display shown in FIG. 2 by retrofitting it with 

15 switching circuit 60, two part DC source 20a-20b, and 

the networks such as 62 which control the same. 

Referring to FIG. 3 there is shown a display which 
includes a second embodiment of the invention. The 
embodiment of FIG. 3 is similar to that of FIG. 2, 

20 corresponding parts being similarly numbered, and applies 

to the row and column electrodes the same pattern of 
drive voltages as the displays of FIGS. 1 and 2. The 
embodiment of FIG. 3 differs from that of FIG. 2, however, 
in that it includes a switching circuit 60 1 which is 

25 configured so as to allow the use of a single non-center- 

tapped DC power supply 20 1 to drive the row electrodes. 
The internal structure of switching circuit 60 1 will be 
discussed later in connection with FIG. 8. 

As in the case of switching circuit 60 of the 

3 0 embodiment of FIG. 2, switching circuit 60 1 of the 

embodiment of FIG. 3 so controls the connections between 
display ground Gl, DC source 20 1 and the inputs of the 
row drivers that the maximum voltages between those 
inputs never exceeds the peak drive voltage V R that is 

3 5 applied to the selected row electrode. Unlike switching 
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1 circuit 60 of FIG. 2, however, switching circuit 60 1 of 
FIG. 3 accomplishes this by switchably controlling the 
connections between display ground Gl and the positive 
and negative buses Bl and B2 which connect DC source 20 1 
5 to the inputs of the row drivers. 

Assuming for example that only row 14b is to be 
selected and that the time for producing the positive 
half cycle of the row voltage has arrived, the switches 
within switching circuit 60 1 and those within the row 

10 drivers will be in the states sho*m in FIG. 3. Under 
this condition it may be shown that switching circuit 
60' connects DC source 20' from display ground Gl to 
selected row 14b through the active (or then connected) 
input of driver 16b 1 resulting in a row electrode voltage 

15 of +V R . At the same time switching circuit 60' connects 

display ground Gl to non-selected rows 14a and 14c 
through the active inputs of drivers 16a 1 and 16c 1 , 
resulting in a row electrode voltage of zero volts. 
Similar conditions are established when the time for the 

2 0 negative half cycle arrives when the switches of circuit 

60 1 and the row drivers are caused to assume states 
opposite to those shown in FIG. 3. It will therefore be 
seen that the circuit of FIG. 3 produces the same pattern 
of row drive voltages as the circuit of FIGS. 1 and 2 

25 while limiting the voltages between the inputs of the 
row drivers to a maximum of V R . In addition, since the 
circuit of FIG. 3 allows the use of two-state row and 
column drivers, it provides all the benefits of the 
embodiment of FIG. 2 with even simpler circuitry. 

30 In spite of its greater complexity, there are 

respects in which the embodiment of FIG. 2 has advantages 
over the embodiment of FIG. 3. One of these is the 
greater flexibility which it provides in the choice of 
the voltages that appear between buses Bl and B2 # i.e., 

35 between the inputs of the row drivers. With the embodiment * 
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1 of FIG. 2 it is possible, for example, to cause the 
output voltage of source 2 0b to be larger than that of 
source 20a and thereby cause the maximum voltage between 
the inputs of the row drivers to be less than the peak 
5 voltage that is applied to the selected row electrode. 

This, in turn, permits so much of the burden of supporting 
the row-column difference voltage to be shifted to the 
row drivers that the programmable DC source 22 which 
supplies the column drivers may be replaced by a fixed 

10 or non-programmable DC source. While the adoption of 
this approach results in the application of non-zero 
voltages to non-selected row electrodes, such non-zero 
voltages are harmless provided that they are small enough 
to prevent the activation of non-selected pixels. 

15 Referring to FIG. 4 there is shown a display which 

includes still another embodiment of the invention. The 
display of FIG. 4 is similar to that of FIG. 3 in that 
it includes a switching circuit 60' which is connected 
to the row drivers. The display of FIG. 4 differs from 

20 that of FIG. 3, however, in two important respects. The 

first of these is that the embodiment of FIG. 4 also 
includes a second switching circuit 64 which is similar 
to switching circuit 60' of FIG. 3 but which is connected 
to the column drivers. As a result, the embodiment of 

25 FIG. 4 serves to limit the voltages across the inputs of 
both the row and column drivers to values no larger than 
the peak drive voltages produced by those drivers. 
Because switching circuits 60" and 64 of FIG. 4 accomplish 
this limiting action in the manner described in connection 

3 0 with the embodiment of FIG. 3, this aspect of the operation 
of the embodiment of FIG. 4 will not be described in 
detail herein. 

The second difference between the embodiments of 
FIG. 3 and 4 is that the latter uses a one-half select 

35 addressing scheme while the former uses the previously 
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1 describqgl phase control addressing scheme. This means 

that the magnitudes of the row and column drive voltages 
V R and V c are equal to one another and that non-selected 
column electrodes are driven with a voltage of zero 
5 volts rather than with an AC voltage that is in phase 
with the drive voltage of the selected row. This one- 
half select addressing scheme is used in the embodiment 
of FIG. 4 because it allows column switching circuit 64 
to have the same simple structure as row switching 

10 circuit 60'. It will be understood, however, that the 
switching circuit of the invention can also be used in 
connection with the column drivers without using the 
one-half select addressing scheme, provided that the 
column switching circuit has the more complex structure 

15 necessary to accommodate the need to simultaneously 
output two AC voltages having opposite phases. Because 
the structure of the latter type of switching circuit 
will be apparent to those skilled in the art, it will 
not be specifically shown or described herein. 

20 It will also be understood that it is possible to 

use the switching circuit of the invention in connection 
with the column drivers without also using such a circuit 
in connection with the row drivers. Because the config- 
uration of such an embodiment will also be apparent to 

25 those skilled in the art, it will also not be specifically 
shown or described herein. 

Referring to FIG. 5 there is shown a fragmentary 
block-schematic diagram of still another embodiment of 
the invention. The embodiment of FIG. 5 is structurally 

30 similar to that of FIG. 4, like parts being similarly 
numbered, except that it substitutes a dual mode or 
three state switching circuit 66 for the single mode or 
two state switching circuit 64 of FIG. 4. The embodiment 
of FIG. 5 is operationally different from the embodiment 

35 of FIG. 4, however, in that it uses the phase control 



WO 87/05429 



PCT/US87/00474 



-22- 

1 addressing scheme described in connection with FIGS. 1-3 

rather than the half select addressing scheme described 
in connection with FIG. 4. Because the row drive IC's 
of FIGS. 4 and 5 are the same, only the circuitry which 

5 is associated with column switching 66 has been shown in 

FIG. 5. 

In one of the two operating modes of switching 
circuit 66 of FIG, 5, established by display controller 
24 via a mode control signal MODE during the scattering 

10 condition, contact 66-1 (display ground G2) is switched 

between contact with contacts 66-2 and 66-3 at frequency 
FREQ and therefore operates in the same manner as switching 
circuit 64 of FIG. 4. In this mode of operation all of 
the column drivers switch in phase with one another and 

15 thereby apply the desired high magnitude scattering 

voltages to all of the column electrodes. As this is 
occurring, switching circuit 66 limits the voltage 
across the inputs of the column drivers to the peak 
value of the scattering voltage in the manner described 

20 in connection with switching circuit 64 of FIG. 4. 

In the other of the two operating modes of switching 
circuit 66 of FIG. 5, established by controller 24 via 
mode control signal MODE during the clearing condition, 
contact 66-6 (display ground G2) makes contact with 

25 contact 66-4 (the center tap of DC supply 22') and 

remains in contact therewith throughout operating in the 
clearing mode. In this mode of operation the column 
drive circuitry has the same configuration as the column 
drive circuitry of FIG. 1 and operates in the manner 

30 described in connection with FIG. 1, i.e., without the 
voltages across the inputs of the column drivers being 
limited to the peak values of the voltages applied to 
the column electrodes. This non-limiting mode of operation 
is acceptable, however, because other voltages which are 

35 applied to the column drivers during the clearing condition 
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1 are much lower than those applied thereto during the 

scattering condition. The advantage of this non-limiting 
mode is that it allows switching circuit 66 to be simpler 
than would be the case if it had to produce a voltage 
5 limiting effect for the column drivers during both the 

scattering and clearing conditions of the phase control 
addressing scheme. Examples of circuits which may be 
used as dual mode switching circuit 66 and as the associated 
logic network 68 will be described later in connection 

10 with FIG. 9. 

In view of the foregoing , it will be seen that the 
switching circuit of the invention may be applied in a 
variety of different ways. From FIGS. 2 and 3, for 
example, it is apparent that the invention may be used 

15 both in a bias driving configuration with a two part DC 

source (FIG. 2) and in a non-bias driving or bus driving 
configuration with a single DC source (FIG. 3). From 
FIGS. 2-5, on the other hand, it is apparent that the 
invention may be applied to (a) only the row drivers 

20 (FIGS. 2 and 3), (b) both the row and column drivers 

(FIGS. 4 and 5) or (c) only the column drivers. From 
FIGS. 2-5 it is apparent that the invention may be used 
both with a one-half select addressing scheme (FIG. 4) 
and with a phase control addressing scheme (FIGS. 2, 3 

25 and 5) . Finally, as will be apparent to those skilled 

in the art, the switching circuit of the invention may 
also be applied to discharge type matrix displays, such 
as those in which pixels are made visible by the breakdown 
of a gas within a glass envelope which contains a matrix 

3 0 or grid of fine non-transparent wires. It will be 
understood that all of these variations and their equivalents 
are within the contemplation of the present invention. 

Because the row and column driver circuits, the 
switching circuits, and logic networks that are associated 

35 therewith in FIGS. 2-5 are not of types well known in 
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1 the art, representative embodiments thereof will now be 
shown and briefly described in connection with FIGS. 6-9. 

Referring to FIG. 6, there is shown a schematic 
diagram of a representative one 28b 1 of the logic networks 
5 of FIGS. 2-5 and of a representative one 16b 1 of one of 

the row (or column) drivers of FIGS. 2-5. Of these 
logic network 28b 1 includes a simple three element 
circuit which, when enabled, serves to output either an 
inverted or non-inverted form of frequency control 

10 signal FREQ, depending upon the state of the respective 
output Q(b) of the associated register. In addition, 
driver 28b 1 includes two field effect transistors Ql and 
Q2 which conduct alternately to produce the two different 
conductive states shown in the drivers of FIGS. 2-5 and 

15 which are controlled by logic network 28b 1 through 

intervening transistors Q3-Q6. The latter transistors 
serve primarily to interface the logic level voltages 
produced by logic network 2 8b 1 and the higher voltages 
necessary to properly bias and control output transistors 

20 Ql and Q2. Because the operation of the circuit of FIG. 

6 will be apparent to those skilled in the art, that 
operation will not be discussed in detail herein. 

Referring to FIG. 7, there is shown a schematic 
diagram of switching circuit 60 of FIG. 2 and its associated 

25 logic network 62. In FIG. 7 network 62 comprises a NAND 

gate 64 which serves merely to enable or disable the 
application of frequency control signal FREQ to switching 
circuit 60. Switching circuit 60 on the other hand 
includes two field effect transistors Q7 and Q8 which 

30 conduct alternately, under control of network 62, to 
produce the two conductive states described in connection 
with that circuit in FIG. 2. The conduction of transistors 
Q7 and Q8 is in turn controlled by transistors Q9 and 
Q10 which serve to interface them to the logic voltage 

35 levels produced by logic network 62. Because the operation 



WO 87/05429 



PCT/LS87/00474 



-25- 

1 of the circuit of FIG. 7 will be apparent to those 

skilled in the art, that operation will not be discussed 
in detail herein. 

Referring to FIG. 8, there is shown a schematic 
5 diagram of switching circuit 60 1 of FIGS. 3 and 4 and 
its associated logic network 62. In FIG. 8 network 62 
has the same structure and function as logic network 62 
of FIG. 7. Switching circuit 60" includes two field 
effect transistors Qll and Q12 which conduct alternately, 
10 undei\ the control of network 62, to produce the two 

conductive states described in connection with that 
circuit in FIG. 3. The conduction of these transistors 
is in turn controlled by bipolar interfacing transistors 
Q13 and Q14. Because the operation of the circuit of 
15 FIG. 8 will be apparent to those skilled in the art, 

that operation will not be discussed in detail herein. 

Referring to FIG. 9, there is shown a schematic 
diagram of switching circuit 66 of FIG. 5 and its associated 
logic network 68. In the embodiment of FIG. 9 switching 

2 0 circuit 6 6 includes two switching transistors Q15 and 

Q16 which conduct alternately at frequency FREQ when 
controller 24 establishes the scattering condition and 
drives mode signal MODE to its 1 state. With this 
alternate conduction circuit 66 acts as a bus switching 
25 arrangement similar to switching circuit 64 of FIG. 4 to 

limit the voltages appearing between the inputs of the 
column drivers via buses B3 and B4 to the peak value of 
the scattering voltage applied to the column electrodes. 
As in the case of transistors Qll and Q12 of FIG. 8, the 

3 0 conduction of transistors Q15 and Q16 is controlled by 

frequency control signal FREQ via the gates of logic 
network 68 and via interfacing transistors Q17 and Q16 
when the other control signals applied to the logic 
network (in this case both ENAB and MODE) are all in 
35 their enabling states. When any of these other control 
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1 signals is not in its enabling state, transistors Q15 
and Q16 both turn off, thereby preventing switching 
circuit 66 from operating as a bus switching arrangement. 
Switching circuit 66 of FIG. 9 also includes two 

5 transistors Q19 and Q20 which conduct simultaneously and 

continuously when controller 24 establishes the clearing 

condition and drives mode signal MODE to its 0 state. 

With this continuous conduction (and the accompanying 

non-conduction of transistors Q15 and Q16) circuit 66 
« 

10 effectively connects the center tap of DC source 22 to 

display ground G2 and thereby allows the column drivers 
to be driven in the manner shown and described in connection 
with FIG, 1, i.e., with no limitation on the voltages 
across the inputs of the column drivers. The conduction 

15 of transistors Q19 and Q20 is controlled by mode control 

signal MODE via the gates of logic network 68 and via 
the same interfacing transistors Q17 and Q18 which 
interface transistors Q15 and Q16. Diodes 72 and 74 
serve to prevent display ground G2 from being connected 

2 0 to the center tap of source 22 1 through either of transistors 

Q19 and Q20 when these interface transistors are being 
used in the manner described in connection with operation 
of switching circuit 66 in the scattering condition. 
Because the operation of the remaining circuits of FIG. 
25 9 will be apparent to those skilled in the art, the 
operation of those circuits will not be described in 
detail herein. 

While the circuitry of the invention has been 
described with reference to a number of specific embodiments, 

3 0 it will be understood that these embodiments are only 

exemplary and that the true spirit and scope of the 
present invention should be determined with reference to 
the appended claims. 

35 
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1 WHAT IS CLAIMED IS: 

1. In a matrix display having a plurality of row 
electrodes, a plurality of column electrodes, a display 
ground and first and second source means for supplying 

5 drive power to said electrodes, in combination: 

(a) a plurality of first switching means having 
inputs connected to the first source means for applying 
AC drive voltages to respective row electrodes; 

(b) a plurality of second switching means having 
10 inputs connected to the second source means for applying 

AC drive voltages to respective column electrodes; and 

(c) third switching means connected to the display 
ground, at least one of the source means and the inputs 
of a plurality of at least one of said first and second 

15 switching means, for so controlling the connections 
between the display ground, said at least one source 
means and the inputs of said plurality of at least one 
of said switching means that the voltages across such 
inputs are less than the peak-to-peak voltages which 

2 0 such switching means apply to their respective electrodes. 

2. The display of claim 1 in which the switching of at 
least one of the switching means to which the third 
switching means is connected switches approximately 180° 

25 out of phase with the switching of the remaining ones of 

the switching means to which the third switching means 
is connected. 

3. The display of claim 2 in which the switching means 
30 which switch in said 180° out of phase condition produce 

relatively high AC drive voltages while the remaining 
switching means produce relatively low AC drive voltages, 

4. The display of claim 2 in which the switching of 

3 5 those switching means which switch in said 180° out of 
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1 phase condition produce relatively high AC drive voltages 
having a first phase position while the remaining switching 
means produce relatively high AC drive voltages having a 
second phase position. 

5 

5. The display of claim 1 in which the third switching 
means includes first and second terminals connected 
across one of the source means and a third terminal 
connected to the display ground. 

10 

6. The display of claim 1 in which said at least one of 
the source means includes two DC sources each having a 
positive terminal, a negative terminal and a neutral 
terminal, in which the neutral terminal of one of said 

15 DC sources is connected to the display ground, and in 

which the third switching means includes two terminals 
connected to the positive and negative terminals of said 
one DC source and the third terminal connected to the 
neutral terminal of the other DC source. 

20 

7. The display of claim 1 in which each of the switching 
means to which the third switching means is connected 
has a current rating sufficient to meet the current 
requirements of the electrode to which it is connected 

25 and in which the third switching means has a current 

rating sufficient to meet the current requirements of 
all of the electrodes to which such switching means are 
connected . 

3 0 8. The display of claim 1 in which the first and second 

switching means are contained within integrated circuits 
mounted on the display screen and in which the third 
switching means is mounted off of the display screen* 

35 
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1 9. The display of claim 1 in which at least one of the 

DC source means is adapted to establish either a first 
voltage suitable for use in scattering the pixels of the 
display or a second voltage suitable for use in clearing 

5 the pixels of the display. 

10. The display of claim 9 in which the switching 
frequency of all switching means has a first value 
during the establishment of said first voltage and a 

10 second value during the establishment of said second voltage. 

11. In a matrix display having a plurality of row 
electrodes, a plurality of column electrodes, a display 
ground and first and second source means for supplying 

15 drive power to said electrodes, in combination. 

(a) a plurality of first switching means 
having inputs connected to the first source means for 
applying AC drive voltages to the row electrodes, each 
of said first switching means having at least two states; 

2 0 (b) a plurality of second switching means having 

inputs connected to the second source means for applying 
AC drive voltages to the column electrodes, each of said 
second switching means having at least two states; and 

(c) third switching means for switchably 
25 controlling the connections between the display ground 

at least one of the source means and the inputs of a 
plurality of at least one of said first and second 
switching means, said third switching means having at 
least two states; 

3 0 (d) whereby the drive voltages produced by said 

plurality of said at least one of said switching means depend 
both on the states of such switching means and on the 
state of the third switching means. 

35 
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1 12. The display of claim 11 in which the switching of * 

at least one of the switching means to which the third 
switching means is connected is approximately 18 0° out of 
phase with the switching of the remaining switching 

5 means to which the third switching means is connected. 

13. The display of claim 12 in which the switching of the 
switching means which switches in said 180° out of phase 
relationship produces a relatively high AC drive voltage 

10 and the remaining switching means produce relatively low 

AC drive voltages. 

14. The display of claim 12 in which the switching of those 
switching means which switch in said 180° out of phase 

15 relationship produce relatively high AC drive voltages 
having a first phase position and the remaining switching 
means to produce relatively high AC drive voltages 
having a second phase position. 

20 15. The display of claim 11 in which the third switching 

means includes first and second terminals connected 
across one of the source means and a third terminal 
connected to the display ground. 

25 16. The display of claim 11 in which said at least one 
of the source means includes two DC sources each having 
a positive terminal, a negative terminal and a neutral 
terminal, in which the neutral terminal of one of the DC 
sources is connected to the display ground, and in which 

3 0 the third switching means includes two input terminals 

connected to the positive and negative terminals of said * 
one DC source and an output terminal connected to the 
neutral terminal of the remaining DC source. 

35 
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17. The display of claim 11 in which each of the switching 
means to which the third switching means is connected 
has a current rating sufficient to meet the current 
requirements of the electrode to which it is connected 
and in which the third switching means has a current 
rating sufficient to meet the current requirements of 
all the electrodes to which such switching means are 
connected . 



10 18. The display of claim 11 in which the first and second 
switching means are contained within integrated circuits 
mounted on the display screen and in which the third 
switching means is mounted off of the display screen. 

15 19. The display of claim 11 in which at least one of 

the source means is adapted to establish either a first 
voltage suitable for use in scattering the pixels of the 
display or a second voltage suitable for use in clearing 
the pixels of the display. 



20 



25 



30 



20. The display of claim 19 in which the switching 
frequency of all switching means has a first value 
during the establishment of said first voltage and a 
second value during the establishment of said second voltage. 



21. In a matrix display having a plurality of row 
electrodes, a plurality of column electrodes, a display 
ground and first and second source means for supplying 
drive power to said electrodes, in combination: 

(a) a plurality of first switching means having inputs 
connected to the first source row means for applying AC 
drive voltages to the row electrodes; 

(b) a plurality of second switching means having inputs 
connected to the second source means for applying AC 

35 drive voltages to the column electrodes; 
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1 (c) third switching means for switchably limiting the 

voltage across the inputs of a plurality of at least one 
of said first and second switching means to a value less 
than or equal to the peak value of the AC drive voltages 

5 produced by such switching means; and 

(d) means for connecting the third switching means 
to the display ground, to at least one of the source 
means and to the inputs of said plurality of at least 
one of said first and second switching means. 

10 

22. The display of claims 21 in which one of the source 
means includes two DC sources each of which includes two 
component DC sources, and in which the third switching 
means maintains a series aiding relationship between the 

15 component DC sources of said two DC sources for at least 
one of the first and second switching means while maintaining 
a series opposing relationship between the component DC 
sources of said two DC sources for other such switching 
means of the same type. 

20 

23. The display of claim 21 in which one of the source 
means consists of a single DC source, and in which the 
third switching means connects said source to one input 
of each of said plurality of at least one of said first 

25 and second switching means while connecting the display 
ground to another input of each of such switching means. 

24. The display of claim 21 in which the first and second 
switching means are contained within integrated circuits 

3 0 mounted on the display screen and in which the third 
switching means is mounted off of the display screen. 

25. In a matrix display of the type having a plurality 
of row electrodes, a plurality of column electrodes, a 

35 display ground, first DC source means for supplying the 
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1 power necessary to drive the row electrodes, and second 
DC source means for supplying the power necessary to 
drive the column electrodes, in combination: 

(a) a plurality of row drivers, having inputs 
5 connected to the first DC source means, for applying AC 

drive voltages to respective row electrodes; 

(b) a plurality of column drivers, having inputs 
connected to the second DC source means, for applying AC 
drive voltages to respective column electrodes; and 

10 (<=) a switching circuit connected to the display 

ground, at least one of the DC source means, and a 
plurality of at least one of said drivers, said switching 
circuit having: 

(i) a first state in which the switching circuit 
15 connects said one DC source means to at least one of the 
electrodes with a first polarity, through a respective 
driver, while limiting the voltage between the inputs of 
that driver to a voltage less than the peak to peak 
drive voltage produced by that driver, and 
20 ( ii) a second state in which the switching circuit 

connects said one DC source means to said at least one 
of the electrodes with a second polarity, through the 
respective driver, while limiting the voltage between 
the inputs of that driver to a value less than said peak 
25 to peak voltage. 

26. The display of claim 25 in which at least one of 
said DC source means includes two DC sources each of 
which includes two component DC sources, in which the 

30 component DC sources of one DC source are connected in 
series across the inputs of said plurality of at least 
one of said drivers, and in which the switching circuit 
maintains a component DC source from one DC source in 
series aiding relationship with a component DC source 

35 from the other DC source for at least one electrode. 
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1 27. The display of claim 25 in which at least one of 

said DC source means consists of a single DC source and 
in which the switching circuit alternately connects the 
display ground to different inputs of said plurality of 

5 at least one of said drivers, 

28. The display of claim 25 in which the drivers are 
contained within integrated circuits mounted on the 
display screen and in which the switching circuit is 

10 mounted off of the display screen. 

29. The display of claim 25 in which said voltage less 
than said peak to peak drive voltage is approximately 
equal to the peak voltage produced by said driver. 
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